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Abel’s integral equation, 426 calculus of variations (contd)
Abelian group, 431 Hamilton—Jacobi equation, 364
adjoint operator, 212 Lagrangian equations of motion, 355
analytic functions, 243 Lagrangian multipliers, 353
Cauchy integral formula and, 244 modified Hamilton’s principle, 364
Cauchy integral theorem and, 257 Rayleigh—Ritz method, 359
angular momentum operator, 18 cartesian coordinates, 3
Argand diagram, 234 Cauchy principal value, 289
associated Laguerre equation, polynomials see Cauchy—Riemann conditions, 244
Laguerre equation; Laguerre functions Cauchy’s integral formula, 260
associated Legendre equation, functions see Cauchy’s integral theorem, 257
Legendre equation; Legendre functions Cayley—Hamilton theorem, 134
associated tensors, 53 change of
auxiliary (characteristic) equation, 75 basis, 224
axial vector, 8 coordinate system, 11
interval, 152
Bernoulli equation, 72 characteristic equation, 125
Bessel equation, 321 Christoffel symbol, 54
series solution, 322 commutator, 107
Bessel functions, 323 complex numbers, 233
approximations, 335 basic operations, 234
first kind J,(x), 324 polar form, 234
generating function, 330 roots, 237
hanging flexible chain, 328 connected, simply or multiply, 257
Hankel functions, 328 contour integrals, 255
integral representation, 331 contraction of tensors, 50
orthogonality, 336 contravariant tensor, 49
recurrence formulas, 332 convolution theorem Fourier transforms, 188
second kind Y, (x) see Neumann functions coordinate system, see specific coordinate system
spherical, 338 coset, 439
beta function, 95 covariant differentiation, 55
branch line (branch cut), 241 covariant tensor, 49
branch points, 241 cross product of vectors see vector product of
vectors
calculus of variations, 347-371 crossing conditions, 441
brachistochrone problem, 350 curl
canonical equations of motion, 361 cartesian, 24
constraints, 353 curvilinear, 32
Euler-Lagrange equation, 348 cylindrical, 34
Hamilton’s principle, 361 spherical polar, 35
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curvilinear coordinates, 27 Fourier series (contd)
damped oscillations, 80 Fourier sine and cosine transforms, 172
De Moivre’s formula, 237 Green’s function method, 192
del, 22 head conduction, 179
formulas involving del, 27 Heisenberg’s uncertainty principle, 173
delta function, Dirac, 183 Parseval’s identity, 186
Fourier integral, 183 solution of integral equation, 421
Green’s function and, 192 transform of derivatives, 190
point source, 193 wave packets and group velocity, 174
determinants, 538-547 Fredholm integral equation, 413 see also integral
differential equations, 62 equations
first order, 63 Frobenius’ method see series solution of
exact 67 differential equations
integrating factors, 69 Frobenius-Fuch’s theorem, 86
separable variables 63 function
homogeneous, 63 analytic,
numerical solutions, 469 entire,
second order, constant coefficients, 72 harmonic, 247
complementary functions, 74 function spaces, 226

Frobenius and Fuchs theorem, 86

particular integrals, 77 .

singular points, 86 gamma function, 94
solution in power series, 85 gauge transformation, 411

direct product Gauss’ law, 391
matrices, 139 Gauss’ theorem, 37

tensors, 50 generating function, for
direction angles and direction cosines, 3 associated Laguerre polynomials, 320
divergence Bessel functions, 330
cartesian, 22 Hermite polynomials, 314
Curvilineér 30 Laguerre polynomials, 317
Cy]indrica], 33 Legendre polynomials, 301
spherical éolar 35 Gibbs phenomenon, 150
dot product of vectors, 5 gradient

cartesian, 20

curvilinear, 29

cylindrical, 33

spherical polar, 35
Gram-Schmidt orthogonalization, 209
Green’s functions, 192,

construction of

dual vectors and dual spaces, 211

eigenvalues and eigenfunctions of Sturm—
Liouville equations, 340
hermitian matrices, 124
orthogonality, 129

real, 128 one dimension, 192
an operator, 217 three dimensions, 405
entire functions, 247 delta function, 193

Euler’s linear equation, 83 Green’s theorem. 43

in the plane, 44

Fourier series, 144 group theory, 430
convergence and Dirichlet conditions, 150 conjugate clsses, 440
differentiation, 157 cosets, 439
Euler-Fourier formulas, 145 cyclic group, 433
exponential form of Fourier series, 156 rotation matrix, 234, 252
Gibbs phenomenon, 150 special unitary group, SU(2), 232
half-range Fourier series, 151 definitions, 430
integration, 157 dihedral groups, 446
interval, change of, 152 generator, 451
orthogonality, 162 homomorphism, 436
Parseval’s identity, 153 irreducible representations, 442
vibrtating strings, 157 isomorphism, 435
Fourier transform, 164 multiplication table, 434
convolution theorem, 188 Lorentz group, 454
delta function derivation, 183 permutation group, 438
Fourier integral, 164 orthogonal group SO(3)
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group theory (contd)
symmetry group, 446
unitary group, 452
unitary unimodular group SU(n)

Hamilton—Jacobi equation, 364
Hamilton’s principle and Lagrange equations of
motion, 355
Hankel functions, 328
Hankel transforms, 385
harmonic functions, 247
Helmholtz theorem, 44
Hermite equation, 311
Hermite polynomials, 312
generating function, 314
orthogonality, 314
recurrence relations, 313
hermitian matrices, 114
orthogonal eigenvectors, 129
real eigenvalues, 128
hermitian operator, 220
completeness of eigenfunctions, 221
eigenfunctions, orthogonal, 220
eigenvalues, real, 220
Hilbert space, 230
Hilbert-Schmidt method of solution, 421
homogeneous see linear equations
homomorphism, 436

indicial equation, 87
inertia, moment of, 135
infinity see singularity, pole essential singularity
integral equations, 413
Abel’s equation, 426
classical harmonic oscillator, 427
differential equation—integral equation
transformation, 419
Fourier transform solution, 421
Fredholm equation, 413
Laplace transform solution, 420
Neumann series, 416
quantum harmonic oscillator, 427
Schmidt—Hilbert method, 421
separable kernel, 414
Volterra equation, 414
integral transforms, 384 see also Fourier
transform, Hankel transform, Laplace
transform, Mellin transform
Fourier, 164

kernels of integral equations, 414
separable, 414

Kronecker delta, 6
mixed second-rank tensor, 53

Lagrangian, 355
Lagrangian multipliers, 354
Laguerre equation, 316
associated Laguerre equation, 320
Laguerre functions, 317
associated Laguerre polynomials, 320
generating function, 317
orthogonality, 319
Rodrigues’ representation, 318
Laplace equation, 389
solutions of, 392
Laplace transform, 372
existence of, 373
integration of tranforms, 383
inverse transformation, 373
solution of integral equation, 420
the first shifting theorem, 378
the second shifting theorem, 379
transform of derivatives, 382
Laplacian
cartesian, 24
cylindrical, 34
scalar, 24
spherical polar, 35
Laurent expansion, 274
Legendre equation, 296
associated Legendre equation, 307
series solution of Legendre equation, 296
Legendre functions, 299
associated Legendre functions, 308
generating function, 301
orthogonality, 304
recurrence relations, 302
Rodrigues’ formula, 299
linear combination, 204
linear independence, 204
linear operator, 212
Lorentz gauge condition, 411
Lorentz group, 454
Lorentz transformation, 455

mapping, 239
matrices, 100
anti-hermitian, 114

Hankel, 385 commutator
Laplace, 372 definition, 100
Mellin, 385

integration, vector, 35
line integrals, 36
surface integrals, 36
interpolation, 1461
inverse operator, uniqueness of, 218
irreducible group representations, 442

Jacobian, 29
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diagonalization, 129
direct product, 139
eigenvalues and eigenvectors, 124
Hermitian, 114
nverse, 111
matrix multiplication, 103
moment of inertia, 135
orthogonal, 115
and unitary transformations, 121
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matrices (contd)
Pauli spin, 142
representation, 226
rotational, 117
similarity transformation, 122
symmetric and skew-symmetric, 109
trace, 121
transpose, 108
unitary, 116
Maxwell equations, 411
derivation of wave equation, 411
Mellin transforms, 385
metric tensor, 51
mixed tensor, 49
Morera’s theorem, 259
multipoles, 248

Neumann functions, 327
Newton’s root finding formula, 465
normal modes of vibrations 136
numerical methods, 459

roots of equations, 460

false position (linear interpolation), 461

graphic methods, 460
Newton’s method, 464
integration, 466
rectangular rule, 455
Simpson’s rule, 469
trapezoidal rule, 467
interpolation, 459
least-square fit, 477
solutions of differential equations, 469
Euler’s rule, 470
Runge-Kutta method, 473
Taylor series method, 472
system of equations, 476

operators
adjoint, 212
angular momentum operator, 18
commuting, 225
del, 22
differential operator D (=d/dx), 78
linear, 212

orthonormal, 161, 207

oscillator,
damped, 80
integral equations for, 427
simple harmonic, 427

Parseval’s identity, 153, 186
partial differential equations, 387
linear second order, 388
elliptic, hyperbolic, parabolic, 388
Green functions, 404
Laplace transformation
separation of variables
Laplace’s equation, 392, 395, 398
wave equation, 402
Pauli spin matrices, 142
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phase of a complex number, 235
Poisson equation. 389
polar form of complex numbers, 234
poles, 248
probability theory , 481
combinations, 485
continuous distributions, 500
Gaussian, 502
Maxwell-Boltzmann, 503
definition of probability, 481
expectation and variance, 490
fundamental theorems, 486
probability distributions, 491
binomial, 491
Gaussian, 497
Poisson, 495
sample space, 482
power series, 269
solution of differential equations, 85
projection operators, 222
pseudovectors, 8

quotient rule, 50

rank (order), of tensor, 49
of group, 430
Rayleigh—Ritz (variational) method, 359
recurrence relations
Bessel functions, 332
Hermite functions, 313
Laguerre functions, 318
Legendre functions, 302
residue theorem, 282
residues 279
calculus of residues, 280
Riccati equation, 98
Riemann surface, 241
Rodrigues’ formula
Hermite polynomials, 313
Laguerre polynomials, 318
associated Laguerre polynomials, 320
Legendre polynomials, 299
associated Legendre polynomials, 308
root diagram, 238
rotation
groups SO(2),S0(3), 450
of coordinates, 11, 117
of vectors, 11-13
Runge—Kutta solution, 473

scalar, definition of, 1
scalar potential, 20, 390, 411
scalar product of vectors, 5

Schmidt orthogonalization see Gram—Schmidt

orthogonalization
Schrodinger wave equation, 427
variational approach, 368
Schwarz—Cauchy inequality, 210
secular (characteristic) equation, 125

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/0521652278

Cambridge University Press

0521652278 - Mathematical Methods for Physicists: A Concise Introduction - Tai L. Chow
Index

More information

INDEX

series solution of differential equations,

Bessel’s equation, 322

Hermite’s equation, 311

Laguerre’s equation, 316

Legendre’s equation, 296

associated Legendre’s equation, 307

similarity transformation, 122
singularity, 86, 248

branch point, 240

differential equation, 86

Laurent series, 274

on contour of integration, 290
special unitary group, SU(n), 452
spherical polar coordinates, 34
step function, 380
Stirling’s asymptotic formula for n!, 99
Stokes’ theorem, 40
Sturm-Liouville equation, 340
subgroup, 439
summation convention (Einstein’s), 48
symbolic software, 492

Taylor series of elementary functions, 272
tensor analysis, 47
associated tensor, 53
basic operations with tensors, 49
contravariant vector, 48
covariant differentiation, 55
covariant vector, 48

tensor analysis (contd)
definition of second rank tensor, 49
geodesic in Riemannian space, 53
metric tensor, 51
quotient law, 50
symmetry—antisymmetry, 50

trace (matrix), 121

triple scalar product of vectors, 10

triple vector product of vectors, 11

uncertainty principle in quantum theory, 173
unit group element, 430
unit vectors

cartesian, 3

cylindrical, 32

spherical polar, 34

variational principles, see calculus of variations
vector and tensor analysis, 1-56

vector potential, 411

vector product of vectors, 7

vector space, 13, 199

Volterra integral equation. see integral equations

wave equation, 389
derivation from Maxwell’s equations, 411
solution of, separation of variables, 402
wave packets, 174
group velocity, 174
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